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This invention relates to the generation of ani^ls 
xnc ud.n3 but not being lifted to genetically selected 
and/or modified animals. selected 

of a nucleus from a donor embryo to an enucleated oocyte 
or one cell zygote allows the production of genet"au! 
identical individuals. r^. advlaVes or 

both research (i e k-i^i^ • 

^i.e, as biological controls) and also in 
commercial anni^/-^*--; ^aso m 

<,enetic.n 'i-^- multiplication of 

aenetically valuable livestock, uniformity of meat 
products, animal management,, one problem with the "e 
Of early embryos as nuclear donors is that the number of 
Offspring which can be produced from a single embryo is 
limited both by the number of cells .embryos at the^- « 
cell stage are the most widely used in farm animal 

p™. ^ - - -ns^ 

ability o produce live offspring by nuclear transfer 
from cells which can be maintained in culture is an 
Objective Which have been sought for some time by anim^ 

a "tured'^r,"' " ""--"^ 
advantages over the use of early en^xyos. These include- 
the production of large numbers of identical offspring 
over a long time period (cultured cells can be froz,^ Z 
stored, and the ability genetically to modify and/or 
select cell populations of the re<„ired genot>^ (e.g. 
sex, prior to embryo reconstruction. One potential ceU 
type for use in these procedures is the Embryonic Stem 
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(ES) cell. ES cells have been isolated in the mouse, 
however as yet there are no reports of development to 
term following their use in nuclear transfer. At the 
present time there is a single report of ES like cells in 
pig which have contributed to development following 
xnjection into the blastocoele cavity of in vivo-produced 
blastocysts (Wheeler, Reprod. Fertil. Dev. s 563-568 
(1994)) but no reports of chimerism in other farm 
livestock species and no reports of development to term 
following nuclear transfer in any mammalian species from 
any established cell line. 

There are several alternatives to the use of ES cell 
lines; one of these is to search for other cell 
populations which are abl^ to promote development when 
used for nuclear transfer. Several reports have 
suggested that Primordial Germ Cells offer a suitable 
candidate; however no development to term has yet been 
reported. Cell lines established from early embryos have 
been suggested; although development has been reported 
from early passage cells in the sheep (Campbell et al., 
rherio 43 181 (1995)) on prolonged culture, no 
development was obtained using conventional nuclear 
transfer protocols (Campbell et al., j. Abstract Series 
(5) 31 (1995)). 

In order to obtain development to term after nuclear 
transfer the developmental clock of the transferred 
nucleus must be reset. For this to occur transcription 
nnist be arrested and then restarted in a developmentally 
regulated pattern. Previous reports have shown that 
development to the blastocyst stage can be obtained from 
a wide range of cell types in the cow. sheep, pig, rabbit 
and mouse. However, in all of these reports no 
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development to term has been reported. The birth o£ live 
a*s following nuclear transfer from primary cell lines 

1 th'"!'"^'"''"' '^'-'^ establish 
from the embryonic disc (ED) of day 9 ovine embryos has 

("S5)). However, on subse,^ent culture no development 
to term was obtained using conventional nuclear transfer 
protocols ,at passage s and n, (campbeU et al 
J. Repro^. FerUl. ^stract Series ,5) 3i ,i„5„ . 
results can be interpreted in a number of ways; firstly 
It can be postulated that all of the ED derived cells 

™ d'"r '-'"^ o 

promote development. However, on prolonged culture 

during establishment of a cultured cell line these cells 

change and are thus unable to control development when 

used as nuclear donors for nuclear transfer into the 

Alternatively .t may be postulated that during the early 
culture period a sub-population of cells retains the 
ability CO promote development and that this would 

Zlea\"" " ""'^^"^ 

studies have emphasised the role of cell cycle co- 
ordination Of the donor nucleus and the recipient 
cytoplasm in the development of embryos reconstructed by 
nuclear transfer (Campbell at ai., Biol. R^rod. 49 M3- 
942 (1S93) and Blol. Reprod. SO 1365-1393 (1994)). 

TWO possible alternative strategies to that of relying on 
the isolat.ion of a cell line which is totipotent for 
nuclear transfer using published nuclear transfer 
protocols are: 
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(1) to modify existing nuciear transfer procedures; 

«) " -lify the chro^tin Of the donor cell prior 
to nuclear transfer. 

A totipotent cell can direct t-h^ i 

• , , oirect the development of a whr>l«> 

rr rr '-^--^ 

o„ , . recipient cell, such as an 

enucleated oocyte ii- <. .u. , 

v,h,,-h ■ ° nUElaaa of the donor cell 

Which IS l,,UE2tSnt). This includes directing t^ 
development of e«ra-e,^nic lineages. i e ^ 
Placenta, in .his definition, a fertilisL ygote andt 
so»e species individual blasto^„s are also T^io^nt 

i e " r ' ^'-'^^^"^ - -Itipotent cell 

(i e an embryonic stem cell, type has been defined as 
one which can form all tissues -i, ennea as 

after ■ tissues m the conceptus/offspring 

after injection into the blastocoele cavity. 

outUned ab' "^"^ 

outlined above, a method is required which will allow the 
reprogra»ning of gene expression of the transfrr^el 
nuc eus: such a method would then allow .^Ttrit 

dxfferentxated or partial! v . 

partially differentiated cells a«s 

s"vi\r i= to 

of the cell c I ^"'"^'^ proliferating by means 

of the cell cycle. c«, advantageously be used as nuclear 
donors m the reconstitutlon of an animal embryo. sZ 
e*ryos may then be allowed to develop to term u seel 

af«r 1"'" '^'''•^ °^-rved 

after embryo reconstruction and which are required for 
efficient nuclear transfer can be induced in The nuclei 
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of cells prior to their use as nuclear donors by causing 
them to enter the quiescent state. This fact has been 
exploited in the present application. 

According to a first aspect of the present invention, 
there is provided a method of reconstituting an animal 
embryo, the method comprising transferring the nucleus of 
a quiescent donor cell into a suitable recipient cell. 

In principle, the invention is applicable to all animals, 
including birds, such as domestic fowl, amphibian species 
and fish species. m practice, however, it will be to 
non-human animals, especially (non-human) mammals, 
particularly placental mammals, that the greatest 
commercially useful applicability is presently envisaged. 
It xs with ungulates, particularly economically important 
ungulates such as cattle, sheep, goats, water buffalo, 
camels and pigs that the invention is likely to be most 
useful, both as a means for cloning animals and as a 
means for generating transgenic or genetically modified 
animals. It should also be noted that the invention is 
also likely to be applicable to other economically 
important animal species such as, for example, horses, 
llamas or rodents e.g. rats or mice, or rabbits. 

The invention is equally applicable in the production of 
transgenic, as well as non- transgenic animals. Transgenic 
animals may be produced from genetically altered donor 
cells. The overall procedure has a number of advantages 
over conventional procedures for the production of 
transgenic (i.e. genetically modified) animals which may 
be summarised as follows: 
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(1) fewer recipients will be required- 

(2) multiple syngeneic founders may be generated 
usxng clonal donor cells; 

(3) subtle genetic alteration by gene targeting is 
permitted; 

(4) all animals produced from embryos prepared by 
the invention should transmit the relevant 
genetic modification through the germ line as 
each animal is derived from a single nucleus; 
xn contrast, production of transgenic animals 
by pronuclear injection or chimerism after 
xnclusion of modified stem cell populations by 
blastocyst injection, or other procedures, 
produces a proportion of mosaic animals in 
whxch all cells ^o not contain the modification 
and the resultant animal may not transmit the 
modification through the germ line; and 
cells can be selected for the site of genetic 
modification (e.g. integration) prior to the 
generation of the whole animal. 

It should be noted that the term -transgenic", in 
relation to animals, should not be taken to be limited to 
referring to animals containing in their germ line one or 

animals will contain such a gene or genes. Rather! the 
term refers more broadly to any animal whose germ line 

lom^ '"^^^^^^^ °^ ^-^-al intervention by 
recombinant DN. technology. So. for example, an animal 
xn whose germ line an endogenous gene has been deleted 
duplicated, activated or modified is a transgenic aniLi 
for the purposes of this invention as much as an animal 
to Whose germ line an exogenous DNA sequence has been 



(5) 
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the genetxc modification may take • ^^^^ ^""^ 

transfer ;,nH u to nuclear 

eel IT ? ' to - recipient 

rrr^:: r-^^- 

cells, whxch can be induced to enter quiescence or exist 

lis =oV"VJr"° -^^ --^ 

the use 7f an ' , -nventxon therefore contemplates 
in!l,T partially differentiated cell 

mcludxng a fully differentiated cell Dono. ^ 
be ht,t- ^ t. cexj.. Donor cells may 

be, but do not have to be, in culture Cultured k • 
primary fibroblasts, an embryo-derived ore'^tirir 
(TNT4 , an ovxne mammary epithelial cell derived cell 
ixne (OME, from a e year old adult sheep, a f iClas, 
cell Una derived from foetal ovine tissue (BLWFl, Ind 

epithelial-like cell line derived ^ 

t. , aerxved from a 9-day old sheen 
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TO be useful in the invention, donor cells are «.h 

which is to sav tha^ quiescent, 

by means of th. ! '"''""'^ Proliferating 

means of the mitotic cell cvcle Tho 

cycle has four distinct phases i s 02 . 

w • . t'^accto, ux, s, G2 and M tHo 

^gxnning event in the cell cycle, called star " ta*^ 
Place „ the Cl phase and has a uni^e WtTon. Z 
de«s.on or co-Ut„„t to undergo another cell cyclers 
"«de at start. Once a cell has passed through stirt xt 

thr^p^e'^""" - 

cne pre-DNA synthesis nhas© tk^ «^ ^ 

«u . P^se. The second stage, the q 

Phase, .s „hen synthesis takes place. is 

^thiiLr : --^ 

syncnesis and mxtosis. Mitosi«? 

nxtosis Itself occurs at t-ho m 
phase. Quiescent cells (v^hir^u • -. ^ 

_ . ^ (which include cells in which 

quiescence has been induced as well as tho« , , ^ 
are natu«n„ which 

are naturally quiescent, such as certain fully 

in anv "r^H ^^""'^ ^^^^^^^^^ "^^^^^ - -t beLg 
any of these four phases of the cycle- thev ar! 
usually described as being in a CO state so as to 

ij; oi. cortir " " -^--^ - ^ 



state W : '"'"^^^ ^° 

nutrient de " '"^'"''"^ ^'^^"^^ treatments, 

nutrient deprivation, growth inhibition or manipulation 

toiice s:^^^^^^^^^^^ 

T« .^^^^^^^^'^^ both ovme and bovine cell lines 

called r? " ''^''"^^ "^^^ 

several days (possibly longer depending upon the cell) 

"nt.1 re-st.»ulated when they re-enter the gro«h cycle 
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cells are aMe I . , .u.e ' •'^^'^ 

Of metabolic Chang" ta" b" ' ""^^ 

. "^"^ °een reported and thes. 

«clude, monophosphorylated histones. cilla^ri 

polyribosomes, accumulation of inactive 80S rll 
chf-om=»t.-;,. ^ J-«^ccxve eos ribosomes and 

chromatin condensation (reviewed Hhitflald et a, 
control of^i™. cell Prolireratic. 1 331-3« 

lo^e 7a "r'" °' ^ " - »-leated 

ceir:i„e^L^:::,r:c:: trM-^"""^ 

/ i_ yyests cnat thxs may provide a 

eLh a„Lable to 

ce n reprogra„ing by the recipie^: 

cell oytopl,™. i„ this way, by virtue of the nuclear 

TILT: ^ ch:::^::: 

Of the nuclei of the donors »ay be «=dlfled before e»br^ 
re=onst.tutio„ or reconstruction such that the nuclefl^ 
able to direct development. This differs fro^ "li 
previously reported methods of nuclear transfer r t^t 

o£ the cells as nuclear donors. 

The recipient cell to which the nucleus fron, the donor 
cell is transferred may be an oocyte or another suitable 

Recipient cells at a variety of different stages of 
development may be userf fyr.^ ^ ^"^^ges or 

may oe used, from oocytes at metaphase i 
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below) . another mechanism that n«y (a^ur tbr ! 
cleava,e.sta.e e^^vos ,n so^ apecres rTh. ^ To 
Which reprogramming of gene exnr.«- 

~pt.o„ . -u.atai:crh:rj; ~e 

in the mouse and no major changes in ch. „ , 
proteins heing synthesised a^ retal'a ^ 
dimensional electrophoresis ™tll thnTasJL ^ 
(Howlett 4 Bolton ^. ' ^! ""'"T 

Moflcn T '"^yox. Exp. Moipbol. 87 175-206 

i "^es Will 

It preferred that the recipient he enucleate. Wile 

essential, ther«» <o i'-c^oceaures xs 

confirn^tion o7^^ . "° Published experimental 

two halves, one of which was likelv to h- 

■WiUadaen «ature 320 ,6) ,,.es n^/n ^- 
has the disadv.nt.oe that ^h ! ' ' P««e<iure 
•fill t u ">e other unknown half will 

stUl have the metaphase apparatus and that the reduction 
m volume of the cytoplasm is believed to accelerate t^e 
P«tem of differentiation of the new emhryo ^Ci^kov e 
ai., ItereiopBent 109 322-328 (1990)). 'EViskov et 

Tjr^''' ^'""'"^ P^oae^^^ ^ 

cytoplasm. Aspiration of the first oolar 
neighbouring cytoplasm was found to ::j:\Z 
IX apparatus in „f 3heep oocytes (Smith T^W 
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Biol. Reprod. 40 1027-1035 (1989) » n«i • . 
DNA-specific fluoro^h "^^^ ^ ' Only with the use of 

peciric fluorochrome (Hoechst 33342) was a m«^K ^ 
provided by which *>m„.io=-- method 
y wnich enucleation would be guaranteed wlhh 
the minimum reduction in , «™ceea with 

species, .Ms ,s p„ba.a, .He o / .ou^Jrre't 

present (Prather & First t d ^ routine use at 

(ISSO,, westhusin et a. Birl' 'T'* " 
(1990)). ' ^^P""""^- (Suppl.) 42 176 



There have been very few reports of nn. • 
approaches to enucleation • non-mvasive 
enucleation in mammals, whereas ■!« 
amphibians, irradiation with ultraviolet lioht . . 
a routine procedure (Gurdon Q j m 

311 (1960)1 '^"^^^'^ O. J. Microsc. Soc. 101 299- 

311 (1960) ) . There are no detailed reports of the use of 

-ced - -elopmental^^^^^^ 

« ai., J. geprod. Fertil. 82 173 (1968)). 

ItLJsexi"" '° is an enucleated 

™=tap)„se II oocyte, an enucleated unactlvated oocyte or 

^dpunt"": ^'^'^"^"'^ *t least vhert:! 

.=:::::i ::y Te).e~: trr^ " 

-t,™tl.ely. et ufs: te ^c^Lt^^r "n 

nucleated unact.vated „etap,.se 11 oocyte'. altiCftio" 
-ay take place subsequently. ^ described above 

on th! P^-nuclei or metapbase plate (depending 

on the recxpxent cell), or functionally, such as by th! 
appixcafon of ultraviolet radiation or anoth« 
enucleating influence. anotner 
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Three suitable cytoplast (enucleated oocyte, recipients 

1. The "MAGIC Recipient- (Metaphase Arrested gi/go 
Accepting Sytoplast, described in our co-pending PCT 
patent application No. PCT/GB96/02098 filed today 
(Claiming priority from GB 9517779 6) 

2. The "GOAT" (GO/Gl Activation and Transfer, - a Mil 

metaphase II, oocyte at the time of activation 
(Campbell et al., siol. Reprod. 49 933-942 (1993, 

3. The "Universal Recipient" (Campbell et al., Biol 
Reprod. 649 933-942 n^Q-^^ dv^7 « 

13« (1994). " 

Ml three of these recipients «,„ld result in normal 

: " - '"^ reconstructed 

e*ryo. However, recent reports have suggested that a 
proportion of the nuclei fro™ ^iescent ceUs are u^le 
to enter the DKA synthetic phase when placed into an s- 
Phase cytoplasm without umiergoing disassen4,ly of the 
nuclear envelope (Leno . Munshi, j. Cell Biol. I2„i, 5! 

Win'"" lo T^'""' ^ - 

p:s\^irrLTrre:v;~ " ^ 

lat cne use of Mil oocytes containing hiqh 
levels Of MPP (M-phaae pronoting factor or matur!tion 
promotmg factor, as cytoplast recipients by either 
method 1 or 2 will r-=„^^ ^„ eicner 
development. " ' "^^"^^^ °^ 

once suitable donor and recipient cells have been 
identified, it is necessary for the nucleus of the former 
to be transferred to the latter. Most conveniently 
nuclear transfer is effected by fusion. 



SUBSTITUTE SHEH (RULE 26) 
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"rite" """"^ " ^»*'=e 

(1) exposure of cellQ ^^ * . 

^ . , '° fusion-promoting 

chemicals, such as polyethylene glycol- 

(2) the use of inactivated virus, such as Sendai 
virus,- and 

(3) the use of electrical stimulation. 

E=^osure Of cells to fusion-promoting chemicals such as 
polyethylene glycol or other glycols is a routine 
procedure for the fusion of somatic cells, but it tas not 
^en Widely used with emhryos. ^ polyethylene glycol L 

e i:d"anrtr"°T " '^'^ '-^^ 

quickly may necessitate the removal of the zona pellucida 
(Kanka et ai., «oJ. seprod. Dev. 23 U0-U6 I„ 
«cperiments with .^use embryos, inactivated Sendai vlr^ 
provides a„ efficient means for the fusion of cells f^ 

th^t 111 I " -•Mitional e^cperimental advantage 

that activation is not induced. In ungulates, fusion is 

m ^ stimulation that 

IS used to induce parthogenetic activation (Hilladsen 
mature 320 ,6, «3-S5 (1„6) , Prather et ai sTo^ 
Reprod. 37 859-866 (1987)) T„ ..... - 
.,4 . . In these species, Sendai 

virus induces fusion in a proportion of cases, but is not 
Efficiently reliable for routine application (Hillads«, 
Kature 320 (6) 63-65 (1986)). 

While cell-cell fusion is a preferred method of effecting 
nuclear transfer, it is not the only method that can b! 
(L^tchi H "=tai<JUss include microinjection 

J^stract r Fertility 
Abstract Series No. 15, p60) . 
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B^re or (preferably, after nuclear transfer ,or, in 
=ome instances at least, conco.,itantly with it) it 11 
generally necessary to stimulate the recipient cell into 
develop^nt by parthenogenetic activation, at least if 
the cell is an oocyte. Recent e^eriments have shown that 
the retirements for parthogenetic activation are ^e 

llZ TT , " " -"-or-none pheno.«non and that the 

oZc^ " '=™"-n Of a 

pronucleus were all causing -activation.. However 

reT::r:: :i ^ ^^^^^ '^--^-i p-i- 

Z2. T " °' -PP^Priate series of 

pulses and control of the Ca- was able to promote 
deve opment of diploidized oocytes to ™id-gestation Zll 
^evelop^t XO. ii,.i„ fertili. ti:n 

there are repeated, transient increases in intracellular 
calcium concentration (Cutbertson . Cobbold Mature 3W 
<"SS„ ana electrical pulses are belie^d to 
The-is T° concentration. 

varL tr """" transients 

varies With species and it can be anticipated that the 
optimal pattern of electrical pulses will var^ in 1 

^ t is"""'" . '■"l""^ 

Urts . . ; """^^ " " "^-tes 

(Cutbertson s Cobbold Mature 3iS 541-S42 (1985,), while 

int'rLT- "■^"""'■"■^ Observations in the cow that the 
interval is approximately 20 to 30 minutes (Robl et al 
in symposia, on cloning ftammajs ty Muclear 
Transplantation (Seidel ad l ""ciear 
24-27 (19921, T Colorado state Dniversity, 

24 27 (1992) ) . i„ published .:=periments activation 

was induced with a single electrical pulse, but new 
observations suggest that the proportion of reconstituted 
embryos that develop is increased by exposure to several 
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pulses (Collas & Robl Bir^l d 

in any Individualize "o^ ""!: " 

- optimise the nure;;;:"rs rrr; ™" ^ 

duration of the puUes and th. ' 

the ^edl™. ^ ""^ concentration of 

Sns"UVded™ " ^-»"o» 

^ a „ethL a3i^4i::n:::rir " ^"-^ ~ 

According to a third aspect of th. 

there is provided a method for U^i™ 

method comprising: Preparing an anxmal, the 

(c) optionally, breeding fro. the aninax so fomed. 
Step (a) has been described in depth above. 

eveiopraent, the reconstituted embryo from steo 
(a) IS simply allowed rr, ^» •■ ^ 
. «i-LJ.oweci to develop without further- 
intervention beyond anv f-h=,. rurtner 
th^ I ^ ""^y necessary to allow 
the development to take place m 

however the «mK mdxrect development. 

fu^rr' f ^"^^^^^ manipulated before 

full development takes place Pnr- f ^etore 

-y be split and the cells clon" ' """^ "'^^^ 

purpose Of improving yield ' '^'^ 
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means of Z '^'^^ thieved by 

.nuclear, .ransLr l^tL:','"' °' ^'^^ 

achieved rate cf blastolt ''"^^""^ 

fact that a majority JT^he T *"= ""^ 
.al.h..h an ^cUaIi:l:^rTorif thT; 

:L:r.rei:^rae:n:i - ^-•^ 

-Oh as. for exaLle a^r ' 

alternatlvely.T^e, cell 

'^■^r* j.nner cell mass celljs nar, k« ^ 

blastocyst sta«« i, w ^ ^ at the 

tranaferr ri^-thrrvrrrhr: r- -^---^ 

nuclear donors to further ^0":^ "frc! ,;' "ITZf. 

embryos do indeed reflect those whi.h », 

gene expression and.those nuder are In TZ 

(as seems likelv) hh. Z " reprogrammed 

-uipiied m'„rbyr TuT"' 

transfer process Th.V ^=^«ncy of the nuclear 

achieved u^T trVeU t^^s 

s^earrrr irW— ----- 

ear that at later developmental stages the extent of 

It is also contemplated that a new cell line to .nt- 
cne resulting foetuses or adults. 
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In certain instances, where there may be restric^i. • 

^e%:rirj:— ^^^^ 

can be formed by taking a proportion of cells of th. 
natural embryo and a proportion of the eel" of t^^ 

IIZ^'Z'I " - - ebe "lUoc; 

injectir T^""" ' ^ aggregation or 

Of 50 P-^""" he in the ratio 

Of 50:30 or another suitable ratio to achieve th! 
formation of an embryo which develops to te™ ^he 
presence of normal cells 1» hh». ■ 
thon»h, , . oironmstances is 

thought to assist in rescuing the reconstructed embryo 

b'rth ' development to term and , li« 



«cl!n:t'e^;r^ °' yiald-i.^roving expediencies, the 
Experience suggests that embryos derived by nuclear 

^^Tf rf::: ""^^ ^-^^ »/s^>z 

«hlr th!l t." "^'"^ conditions in vivo 

other than those in which embryos are usually cultm^d 

at le^t rn vivo,, .he reason for this is L known 
in routine multiplication of bovine embryos 
reconstituted embryos .many of them at once, have^:; 
cultured rn sheep oviducts for 5 to = days ,as described 
by Willadsen, l„ Mammalian Egg Transfer (Adams. E.E.. 
ed., les CRC Press. Boca Raton. Florida ,1582,,. tn th^ 
practice of the present invention, though, in order t^ 
protect the embryo it should preferably be embedded in a 
protective medium such as agar before transfer and then 



wo 97/07669 



PCT/GB96/02099 



18 



oassected from the agar after recovery fro. the cen^rary 
recpxent. The function of the protective agar or oth« 

" ^"^ ' "-"""l aid for 
the embryo by holding the zona pelluoida together- and 
sec^y it acts as barrier to ceii. of th! re^pilnl 
^xn^l s an»„me system, ^though thi. approach increases 
the proportion of embryos that form bZastccysts, there is 
the drsadvantage that a number of embryos may be lost. 

If in vit„ conditions are used, those routinely employed 
m the art are quite acceptable. 

su.tab.Uty for development to term. Typically, this 
w^l be done where the e^o is transgenic and screening 
and selection for stable integrants has been carried out 
Screening for non-tra„sgenic genetic markers may also be 
carried out at this stage. However, because the method 
of the invention allows for screening of donors at an 
earlier stage, that will generally be preferred. 

After screening, if screening has taken place, the 
blastocyst embryo is allowed to develop to term. This 
will generally be in vivo. if development up to 
blastocyst has taken place in vitro, then transfer into 
the final recipient animal takes place at this stage. If 
blastocyst development has taken place in vivo, although 
in principle the blastocyst can be allowed to develop to 
term in the pre-blastocyst host, in practice the 
blastocyst will usually be removed from the (temporary) 
pre-blastocyst recipient and, after dissection from the 
protective medium, will be transferred to the (permanent) 
post -blastocyst recipient. 
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rxocK of anxmals having the desivo^' 
genetic characteristic (s) . desired 

Animals produced by transfer of nuclei from » 

oen^»^•^r.= ^^,. -j "uciei trom a source of 

genetically identical cells c-u^y^ *-k 

are not strictly idenuA' a1 th 

different oocytel tL !f ,= 

wcytes. The significance of this diff 

orx9.„ is „ce cleer. but affect confer Lx t""" 

Recent analyses cf the .itcchcndrial of dairy c^ttt 
xn the lo„a state University Breading Herd Revealed 
associated with millr , revealed 

(Freeman . Beit, In sv^T ■ Performance 
Nuclear ir.nZT I ^^osrum on cloning Mahals by 
nuoiear Transplantation (Seidel G f j , 

Colorado state universitv Coll \f ' , ' ' 

to - confirmed tra:^"sirirUects' ' ' J' "^^^^ 

cons\rr::ie«ir:rrcy;:s™ '° 

J. w^yces. in the area of ca^^^^a 

breeding the ability to produce large nu^ers of e^:;o: 

Po^nttrU =-ideraTL 
potential value rn disseminating genetic improvement 

depend upon the cost of each embryo and the proportion of 
transferred embryos able to develop, to term 

"uf a"t™rT'°" ^''^ 

tr»s«nic , ''^ '---aanic and non- 

r^rted , =an be 

regarded as involving seven steps: 



wo 97/07669 



PCT/GB96/02099 



20 



(3) 



(1) selection and isolation of suitable donor 
cells, which may include assessment of 
karyotype, induction of quiescence (arrest in 
GO) and/or induction of development; 

(2) application of suitable molecular biological 
techniques for the production of genetically 
modified cell populations. Such techniques may 
include gene additions, gene knock-outs, gene 
knock-ins, and other gene modifications. 
Optionally, transgenesis, may also be employed 
by transfection with suitable constructs, with 
or without selectable markers; 
optionally screen and select modified cell 
populations or clones for the required 
genotype/phenotj^e (i.e. stable integrants); 

(4) induction of quiescence in modified cell 
population; 

embryo reconstitution by nuclear transfer; 
culture, in vivo or in vitro, to blastocyst; 
(6a) optionally screen and select for stable 
integrants - omit if done at (3) - or 
other desired characteristics; 
transfer if necessary to final recipient. 

According to a fourth aspect of the invention, there is 
provided an animal prepared as described above. 

Preferred features for each aspect of the invention are 
as for each other aspect, mutatis mutandis. 

The present invention will now be described by reference 
to the accompanying Examples which are provided for the 
purposes of illustration and are not to be construed as 
being limiting on the present invention. 



(5) 
(6) 



(7) 
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EXAMPLTTc; 

of inducti«n «f • ^■'-L (1985)). The method 

r induction of quiescence is not thought to be of 
xn^portance, the ic^ortant step is that the !ells exit the 
growth cycle, arrest in a GO state with / , 

content and remain viable In J , '''''' 

Examples 3 and 4 ^om^m 
starvation of bovine primaxy fibroblasts, a bov ne cen 
ixne established from the inner cell mass of da, 7 1^ 

c n ^nf^^LT"""" ^"-^ -rived^vine 

arrest th. ' .""'^ "-'^ induce quiescence and 

arrest the cells in the GO phase of the cell cycle 
Serum starvation was similarlv neo^ - • . 
r,*r ^x, J similarly used to induce quiescence 

Of the donor cells described in Example 5. 

Example , . Tsol.^.o. 

Oocytes can be obtained bv n » • transfer 

slauahi-«.v, ^ ^ ^ maturation of 

Slaughterhouse material or f-rr,™ ^.^ . 
Duncture. fli) ■ transvaginal follicle 

puncture, Ui) ^vo maturation and surgically 

recovery; or (iii) any other c.uif=M 9-«-caiiy 
in Vivo matured oocytel should be H 

from the oviduct ir ii ^^^^^ed by flushing 

h„ff ^ oviduct in calcium magnesium free phosphate 
buffered saline rPB<?i • ^^oi^uaue 

(PCS) containing l.ov foetal calf serum 

t^l;„ ? harvested and 

luT nlr/'"^"*" '">i"ingha. and Wales 

PCS ^'c^ ; " —aining 1.0% 

PCS. oocytes are demided o£ c™„,l„3 cells and enucleated 

»ith the exception that calcium free medium is used tor 
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thLr""""" P"""'— modifications of 

hose previously reported (Campbell etaj.. 'J, 

ioc .it, and are as described in the relev«,t sLct"! 

helow altemativeiy the nucleus ^ be intrlced 
n,ect.on o£ the donor cell into the enucleated «cyt: 

unon 1 • '"""^ °' i= dep«,dent 

upon he species, the following two protocols outUne^he 

::cytes" ""^ ^ '^"^ — ^ ^v^e 

^•^ a^perstinnnatlnn of . .pno^ ^^^^ ^^^^ ^^ 

oocytes I ' Povexy — gf 

Scottish Blackface ewes were synchronised with 

3 ,torr7o« ^^^^ 

hormone Ifsb m - ^'"^ foUicl.-stimulating 

ZelZd, I ■ Products Ltd. New 

nig single dose of a gonadotropin-releasina 
hormone analo^e .On^ Receptal-. Hoechst. UK, 34 ZZ 
after the second injection of FSH. 

flushing from the oviduct at 24-29 hours after GnJ 
.n:ect.cn using BulbeccCs phosphate buffered sal^ 

containing 1.0% foetal r^^ii: . «»«J.ine 

37.C until use maintained at 

Recove^d ^es were maintained at 3,.c. washed in PBS 
FCS and transferred to calcium free M2 medium 
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contataing lO* Foetal Calf serum ,FCS) , at 37-0 To 
m calciun, free M2 containing 10% pes 7 ^„„/„, 

aT^Tfo?.: Hoecst "'a.;;: t 

3-3 Embrvn ^>oconB^r-„r.^■■^ 

Groups Of 10-20 oocytes were enucleated and placed into 
20,1 drops of calcium free M2 medium at 5* CO under 

°" ""^^ ■ °^ folWn? tl e 

protocols (a) , fhi ar»^ / i t-uiree 

reconstructiU. 

(a) "MAGir*^ 

^aoTi'to'""?'' enucleation a single cell was 

placed into contact with the oocyte by using a glass 
Popette to transfer the cell through the hole preti^u: " 

T ^°Plast/cell couplet 

was tHen transferred into the fusion chamber in 200.1 of 
0^3„ mann.tol in distilled water and manually aUgned 
between the electrodes. ^ ^ applled^or 

^ 10* PCS at 37.C and incubated in the same medium 
under ox at 37.C 5» CO,. 30 minutes prior to activation 

it ^Zont "^'""^ " ^-e „2 medium 

at 3r,r K '~'=°^=°^^- Activation was induced 

Follow injection as described below. 

Followmg activation the reconstructed zygotes were 
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incubated i„ medium TC199 (Gibco) 10% PCS at 370c 5% co 

5 mxnutes at 370c in the same medium without nocodazole 
and cultured for a further it? ic », ^^azoxe 

a lurtner 12-15 hours prior to transfer- 
to temporary recipient ewes. transfer 

At 32-34 hours post hCG injection a single cell was 
Placed .nto contact with the enucleated oocyte. ^he 
couplet was transferred to the fusion chanO^er (lee bellw^ 

dL t n d°' 

appii^^^ 'T* ^-^-^ 

by 3 DC o^l ^ ""'^^ °' ^ ^^^-^^ 

then H r. ^^''^^^^ ^-P^-*^- were 

then washed in TCI99 10% kcs containing 7.5,g/ml 

T:cTT v^V^^"""^' ^^^^ ^ - 

37 C 5. CO,, couplets were then washed in TC199 10% PCS 
and cultured for a further 15 ic k . j-u* ru& 

at 370c 5% CO2. ^"''''^^^ "-15 hours in TC199 10% PCS 

(c) "UNiVERgar. RErTPTpT^n 

Enucleated oocytes were activated (as described below. 

lll trT"" ""^ '-^^"io" tl>«n cultured i„ TC199 

then 'l"."-' " * ' * '^"'^^ 

then Placed .nto contact with the oocyte and fusion 

induced as described below. The couplets were then 
incubated in TC1« l„» pcS 7.=,, cytochalasin B for" 
hour at 3,oc 5* CO,. Couplets were th«, washed and 
cultured m TC199 lot PCS at 37«c 5* 00 fc^ , f 
8-11 hours. ^ ' further 



^•^ Fusion a nd anMSraj-j^Ti 

For activation, oocytes were placed between two parallel 
electrodes in 200^1 of 0.3M n«nnitol. o.i™ „gso,. o.ooin*. 
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(1986))" "/^.^'^^.^ (Willadsen, Nature 320 63-65 

(1986))^ Actxvatxon was induced by application of i DC 
pulse of 1.25kV/cm for 80ms. For fusion m,. • I 
embryos were tr^»^o^ • fusion, manxpulated 

raoryos were treated in a similar manner with the 
addxtaon that the contact surface between the enucleated 
oocyte and the cell was arranged parallel to the 
electrodes. Fusion was induced by application of an AC 
™ Of 3V for 5 seconds followed by 3 DC pulses of 
l-25kV/cm for 80/xs. 

IfterTh^'T'"""'^^"' ' ^'^^ ' 

tl f T ^^^^ and 

IZ r^e " r -synchronised 
ewes. The couplet xs embedded in agar to prevent or 

reduce xmmune rejection of the embryo by the recipient 
ewe and to assxst in holding the couplet together. After 
6 days recipient awes were sacrificed and the embryos 
retrieved by flushing from the- oviduct using PBS 10% FCS 
Embryos were dissected from the agar chips using 2 
needles and development assessed by microscopy. All 
embryos which had developed to the morula/blastocyst 
stage were transferred as soon as possible to the uterine 
horn of synchronised final recipient ewes. 

In vitro techniques may also be suitable in place of a 
temporary recipient ewe to achieve development of the 
embryo to the blastocyst stage. 

Example 4 • Bov^n^ Kr^^i ^ a^ rr-^r>.f^^ 

^■^ J" vitro oocrui-^ fy,^^...^^,..; 

ovaries were obtained from a local abattoir and 
maxntained at 28 - 32oc during transport to the 
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laboratory. Cumulus oocyte complexes (coc's) were 
aspirated from follicles 3 - lomm in diameter using a 
hypodermic needle (1,2mm internal diameter) and placed 
xnto sterile plastic universal containers. The universal 
containers were placed into a warmed chamber {35 "C) and 
the follicular material allowed to settle for lo - 15 
mxnutes before pouring off three quarters of the 
supernatant. The remaining follicular material was 
diluted with an equal volume of dissection medium (TCM 
199 withEarles salts (Gibco) , 75.0mg/l kanamycin, 30.0mM 
Hepes, pH 7.4, osmolarity 280mOsmols/Kg H^O) supplemented 
With 10. bovine serum, transferred into an 85mm petri 
dish and searched for coc's under a dissecting 
microscope. Complexes with at least 2-3 compact layers of 
cumulus cells were sele'cted washed three times in 
dissection medium and transferred into maturation medium 
(TC medium 199 ^ith Earles salts (Gibco), 75mg/l 
kanamycin, SO.OmMHepes, 7. 69mM NaHC03, PH 7.8, osmolarity 
280mOsmols/Kg H,0) supplemented with 10% bovine serum and 
1X10 granulosa cells/ml and cultured until required on 
a rocking table at SS-c in an atmosphere of 5% CO^ in air. 

4.2 Oocyte yn anip ^l^^^■»r^r^ 

Matured oocytes were stripped of cumulus cells 18 hours 
after the onset of maturation. Denuded oocytes were then 
washed in calcium free M2 medium containing io% Foetal 
Calf serum (FCS) and maintained in this medium at 37oc 
TO remove the chromosomes (enucleation) oocytes were 
placed in calcium free M2 containing io% PCS. 7.5ug/ml 
cytochalasin B (Sigma) and 5.0ug/ml Hoechst 33342 (Sigma) 
at 370C for 20 minutes. A small amount of cytoplasm from 
directly beneath the 1st polar body was then aspirated 
using a 20mM glass pipette. Enucleation was confirmed by 
exposing the aspirated portion of cytoplasm to UV light 
and checking for the presence of a metaphase plate. 
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Embrvo T^ ecQnfi^T>n^^^ 
Enucleated oocytes «ere then used £or each of the three 
^ethods Of reconstruction ,a, , and ,c, as det^lt^ 



(a) "MAGIC" 
CvtOD3as^) 

IZ^Ttr'^^^ maintained in calciu. free M2 10% 

PCS at 390C as soon as possible after enucleation, a 
sxngle cell was placed into contact with the oocyte by 
usxng a glass pipette to transfer the cell through thi 
hole previously .ade in the zona pellucida. The 
cytoplast/cell couplet was then transferred into the 
fusxon Chafer 1.200^1 of o.3M .annitol in distilled 
water. The couplet was manually aligned between the 

foil T^' '"'^^ °' ^^^^-^ = — ncis 

followed by 3 DC pulses of 1.25kV/c„. for 80,secs. The 

couplets were then washed in calcium free M2, io% PCS at 
37 C and incubated in the same medium under oil at 37«C 
5% CO 30 minutes prior to activation the couplets were 
transferred to calcium free M2 medium 10% PCS containing 
S,M nocodazole. Activation was induced as described 
below, following activation the reconstructed zygotes 
were incubated in medium TC199 10% PCS at 37oc 5% CO for 
a further 3 hours. They were then washed 3 times for 5 
mxnutes at 37-c in the same medium without nocodazole and 
cultured for a further 12-15 hours prior to transfer to 
temporary recipient ewes (ewes are a less expensive 
alternative as a temporary recipient for the 
reconstructed embryo) . 

"GOAT" (00 /Gl Ar^i.^.^,•^^ ^nd Tv.»...f^v.| 
Enucleated oocytes were returned to the maturation 
medium. At 30 or 42 hours post onset of maturation a 
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4 s h™ , " """^ <"1>P" group) or 

standard for "hours posc-maturation-J . 

Enucleated oocytes were activate. ,aa described below, 30 

Tell :~ ^.Tsi'rrr ^ - 

placed into contact wii-h ®° 
described bel^ ^ the oocyte and fusion induced as 

.30hp. ^oup. or l::^^::.:: ™" 

Fusion afrr^Ylfirn 
For activation, oocytes «,re placed between two parallel 

(198 1""""" (Wllladsea, itetur. 3jo «-65 

pulse Of " :ZTT °' - ^ 

t^uAse or X.25kV/cm for SOizs p^^- 

«^s were treated ir a slluar ""'""^"^^ 

addition i-h ^ sxmilar manner with the 

ol^e .r tL ""T' '"^ --^-t=0 

uocyce ana the cell wac? ai-K.=„^^j 

„^ , ^'^^ arranged parallel to the 

1 Iswcffor """""^ ^ - 
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Embryo rnlfnre and 
After the culture period fused couplets were double 
embeoded in i% and 1.2% agar (difco) in pbs and 
transrerred to the ligated oviduct of unsynchronised ewes 
(ewes are a less expensive alternative as a temporary 
recxpxent for the reconstructed embryo) . The couplet is 
embedded in agar to prevent or reduce immune rejection of 
the embryo by the recipient ewe and to assist in holding 
the couplet together. After 6 days recipient ewes were 
sacrificed and the embryos retrieved by flushing from the 
ovxduct using PBS 10% PCS. E^ryos were dissected from 
the agar chips using 2 needles and development assessed 
oy microscopy. 

In vitro techniques may also be suitable in place of a 
temporary recipient ewe to achieve development of the 
embryo to the blastocyst stage. 

cells ""^ ^ '' ^ nd ExaTBp1«» ^ (bovin«» 

The present techniques have been applied to both ovine 
and bovine embryo reconstruction. At the present time 
blastocyst stage embryos have been obtained in cattle- 
however, no transfers of these embryos to finai 
recipients have been performed. m sheep 7 recipient 
ewes became pregnant resulting in the birth of 5 live 
lambs (2 of which died shortly after birth) . The results 
from these experiments are summarised in Tables 1-3. 

Table 1 shows the results of development to blastocyst 
stage of ovine embryos reconstructed using quiescent TNT4 
cell populations and 3 different cytoplast recipients. 
Reconstructed embryos were cultured in the ligated 
oviduct of a ten?)orary recipient ewe until Day 7 after 
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reconstruction. The results are expressed as the 
percentage of morula/blastocyst stage ena,ryos in relation 
to the total number of embryos recovered. 



DATE OF 

NUCLEAR 
TRANSFER 



PASSAGE 
NUMBER 



NUMBER MORULAS, BLASTOCYSTSn-QTAL 
NUMBER OF COUPLETS RECOVERED 




Table 2 shows the results of induction of pregnancy 
following transfer of all morula/blastocyst stage 
reconstructed embryos to the uterine horn of synchronised 
final recipient blackface ewes. The Table shows the 
total number of embryos from each group transferred and 
the frequency of pregnancy in terms of ewes and embryos 
(m the majority of cases 2 embryos were transferred to 
each ewe. A single twin pregnancy was established using 
the -MAGIC- cytoplast. 
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F PASSAGE 
NUMBER 



P7 



Pll 



P12 
P13 



TOTAL MOR/BL 

TOTAL NUMBER 
EWES 

PREGNANT EWES 
% 

FOETUSES/ 
TOTAL 
TRANSFERRED 
(7o) 



"MAGIC" 



"COAT" 



"UNIVERSAL- 



1 

2 



0 
3 



1 
9 



0 
0 



0 
0 



10 
6 

1 (16.7) 
2/10 (20.0) 



6 
2 



21 
9 

5 (55.5) 
5/16 (31.25) 



8 
4 



1 (25.0) 



1/8 (12.5) 



Table 3 shows the outcome of the pregnancies established 
following transfer or morula/blastocyst staae IT 
final recipient ewes. astocyst stage embryos to 

TABLE T 




COAT 



4E286 
4E453 



4E294 



4E272 



GOAT 
GOAT 



UNIVERSAL 



MAGIC 



11 



11 



11 



13 



FOETUS DIED 
(APPROX 130 DAYS) 



LIVE IAMB 



LIVE LAMB (DIED 
SHORTLY AFTER BIR TH) 

FOETUS DIED 
(APPROX 80 DAYS) 



UVELAMB 



UVE LAMB (DIED 
SHORTLY AFTER BIRTH) 
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Example 5: Ovine nuclear transfer and embryo 

yeCOnStrucrion using r. M E. RT.WP1 n«d SECT r^^no 

Nuclear transfer has been conducted using three new cell 
types, designated OME, BLWFl and SECl. OME (ovine 
mammary epithelial) cells are an epithelial cell line 
established from a biopsy removed from the mammary gland 
Of an adult 6 year old Pin-Dorset ewe, following the 
procedure of Finch et al., (Biochem. Soc. Trans. 24 369S 
(1996). BLWFl (Black Welsh Fibroblast) cells are a 
fxbroblast cell line obtained by dissection and culture 
of a day 26 Black Welsh foetus obtained following Natural 
Mating of a Black Welsh ewe to a Black Welsh tup. The 
method of isolation of primary foetal fibroblasts is 
according to Robertson, E_. J., in Teratocarcinamas and 
embryonic stem cells: A practical approach, 71-112, IRL 
Press oxford (1987J . SECl (sheep embryonic Cell) are an 
epxthelial-like cell line derived from a day 9 embryo 
obtained from a super ovulated and mated Pol-Dorset ewe 
to a Pol-Dorset tup. The SECl cells are distinct from 

p^^/Zc?"'" '° co-pending PCT application No. 

PCT/GB95/02095 published as WO 96/07732 for the following 
reasons. Firstly, the morphology of the cells of the two 
cell lines are completely different and secondly, the 
methods used to isolate the cell lines were different. 
The SECl cell line was established from a single embryo 
whereas the TOT cell lines are derived from groups of 



All cell lines were karyotyped and showed a modal 
chromosome number of 54 (2n) . Prior to use as nuclear 
donors for embryo reconstruction, the induction of 
quiescence following the reduction of serum levels to 
0.5% was monitored as previously described (Campbell 
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tlT'l ""T ^Paration of the 

reconstructed e*ryo. was a, described above In the 
previous examples. 

IT^fl T° ' °' development of nuclear 

The table shows the number of embryos reconstructed, 
development to the blastocyst stage and number o 
P«gnanc«s for each of the three cell types. All cell 
lines were karyotyped prior to their use for embryo 
reconstruction. These cell Hn.= ., ^ emuryo 
54 ohw™ ^ "^^1 number of 

54 Chromos^es. One to three blastocyst stage embryos 
were transferred to each synchronised final recipILt 

were Placed .nto lo.l ,4 

sen- and cultured in a humidified atmosphere of 5* 0,. 
S» 00, and 90% H, at ja'c. cultured embryos were 

waT/rr'r ^^^^ -™ 

was prepared according to Gardner et al.. Biology of 
reproduction 5. 390-400 ,l«4) and Thompson et^l 
Biology of Jieproductlon S3 1385-1391 (1995) . 

Table 5 Shows the identification of the recipient e«. 

remaining pregnant at 24 June 1996, the cell type used 

for embryo reconstruction and the expected lambing date. 

Pregnancies were established by the transfer of l to 3 
morula/blastocyst stage embryos (on day 7 after 
reconstruction, to synchronised final recipient ewes. 
Details Of the numbers reconstructed are shown in Table 
4^ Abbreviations are: PD . Pol-Dorset, BW . Black «elsh, 
FD - Fin-Dorset, . . embryo cultured in vitro to the 
blastocyst stage. 
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CLAIMS 

1. A method of reconstituting an animal embryo, the 
method comprising transferring the nucleus of a quiescent 
donor cell into a suitable recipient cell. 

2. A method as claimed in claim l, in which the animal 
is an ungulate species. 

3. A method as claimed in claim 2, in which the animal 
is a cow or bull, pig, goat, sheep, camel or water 
buffalo. 



4. A method as claimed in 
which the nucleus of the 
modified. 



any one of claims 1 to 3, in 
donor cell is genetically 



5. A method as claimed in claim 4, in which the donor 
cell is genetically modified prior to embryo 
reconstitution. 

6. A method as claimed in claim 5, in which the 
recipient cell is an oocyte. 

7. A method as claimed in claim 6, in which the oocyte 
is enucleate. 



8. A method as claimed in any one of claims 1 to 7, in 
which the donor cell is an adult somatic cell. 

9. A method as claimed in any one of claims 1 to 7, in 
which the donor cell is an embryonic somatic cell. 

10. A method as claimed in any one of claims 1 to 7, in 
which the donor cell is a foetal somatic cell. 
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11. A method for preparing an animal, the method 
con5)rising: 

(a) reconstituting an animal embryo as claimed in 
any preceding claim; 

(b) causing an animal to develop to term from the 
embryo; and 

(c) optionally, breeding from the animal so formed. 

12 A method as claimed in claim li, in which the animal 
embryo is further manipulated prior to full development 
Of the embryo. 

13. A method as claimed in claim 12. wherein more than 
one animal is derived from the embryo. 

14. A reconstituted animal embryo prepared by 
transferring the nucleus of a quiescent donor cell into 
a suitable recipient cell. 

15. A reconstituted embryo as claimed in claim 14, in 
which the donor cell is an adult somatic cell. 

16. A reconstituted embryo as claimed in claim 14. in 
which the donor cell is an embryonic somatic cell. 

17. A reconstituted embryo as claimed in claim 14. in 
which the donor cell is a foetal somatic cell. 

18 . An animal prepared by a method as claimed in any one 
of claims 1 to 13. 

19. An animal developed from a reconstituted animal 
embryo as claimed in any one of claims 14 to 17. 



INTERNATIONAL SEARCH REPORT 



inttr mal Applicaiioo No 

PCi/GB 96/02699 



A CC^IFICATTONOFSORIECrMATrER 

IPC 6 A01K67/O27 A61K35/54 



According to fatemational Patent Qasaficafion (I PQ or to 
B. FIELDS SEARCHED 



both national ctonificatiop and IPC 



^or^^^^^^^''''^^'6 system followed by dasaficaiioii symfadl^ 



Documentation seaicbed other than 



zramntttm documentation to the extent that such documents 



are iododed in the fields searched 



Bectronic data base oowulted during the international seaixft(n^ 



search tera» U9cd> 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



atation of docomeni, with indiGation, where apprapriate, of the itKvam passage 



Relevant to claim No. 



P.X 



CA.A,2 092 258 (STICE STEVEN L) 1 July 
1994 

see claims 1,2 

W0,A.96 07732 (ROSLIN INST EDINBURGH 

;MCWHIR JAMES (GB); CAMPBELL KEITH HENRY 

STO) 14 March 1996 

cited in the application 

see page 14. line 21 - page 15, line 9; 

example 2 

THERIDGENOLOGY, 

vol. 45, no. 1, 7 January 1996, 
page 287 XP0O0605648 

CAMPBELL, K.H.S. ET AL.: "Live lambs by 
nuclear transfer from an established cell 
line" 

see abstract 





1-3,6,7, 

11,14. 

18,19 



p(j Further documents are listed in Oie c 
I * Special categories of rited documents : 



ofhoxC 



fxl P»«««f«naynianbcnai« listed in 



•A* document dduiing the general state of the aztwlttch is not 
consdered to be erf* particular relevance 

cartier document but puhUshed on or after the international 
fUingdate 

documait which may dtrov doubts on priority daimfs) or 
which IS dted to establish die pubhcahM date «fan^ 
citation or other spcdal reason (as HMidfied) 

'O* document referring to an oral disclosure, use, exhibition or 
other means 

'P* document piditished prior to the international filing date but 
later than the priority date datmed 



later document published aiter the inteniatianal filing date 
pnonty date and not m oimlUct with Che aanlicaSm but 
ated to understend die principle or tfieory II 
invennott 



[yingtfie 



camwt be conadered novd or cannot be consideral to 
mvolve an mventive step when the document is taken alone 

•y* <<ocument of particular rdevattce;tt)edaimcd invention 
cannot be conadered to involve an inventive sbm when die 
documema combined witti one or more odwrodi docu- 
moats, such combination being obvious to a person skilled 
m die art. 

docisnenft member of die tame patent family 



Date of the actual completion of the international search 

23 October 1996 



Dtltof mtHint cf the iWamiiVinil leath report 



04. ftog 



Name and mailing address of the ISA 



European Patent Office, P.B. 581 S Patendaan 2 
NL • 2280 HV Rtjswijk 
Td. (i^ 31-70) 340-2040^ Tk. 31 6St epo nl. 
Fax (i^ 31.70) 340-30I6 



Authofiacd officer 



Chambonnet, F 



i ttaact} (July Ifn} 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 




Ftna KT/BAOM (oMtiiiaSoa or 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

tofonnatioa <io palem family mcn^bcrs 



Intr <onal Application No 

PCr/GB 96/02099 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



CA-A-2092258 
W0-A-96e7732 



01-07-94 
14-03-96 



NONE 
AU-A- 



3395695 



27-03-96 



Pom PCT/ISA/aO (pamt fMitty wwa^ fjuly 1992} 



